Aphyric and sparsely plagioclase-clinopyroxene phyric basalts were drilled during Leg 54 on the East Pacific Rise and OCP Ridge near the rise crest. Aphyric basalts have TiO 2 /Al 2 O 3 = 0.6-0.4 and SiO 2 /TiO 2 = 27-44, which are typical of basalts of mid-oceanic ridges and fracture zones of marginal seas. Plagioclase-pyroxene phyric basalts have TiO 2 /Al 2 O 3 = 0.17-0.20 and SiO 2 /TiO 2 = 18-20; in these respects they are similar to some oceanic-island basalts. Tholeiitic basalts from island arcs form yet a third fundamental basalt type.
INTRODUCTION
During Deep Sea Drilling Project Leg 54, ten holes were drilled on the flanks of the East Pacific Rise near 9°N in the vicinity of OCP Ridge. The holes drilled were Holes 419, 419A, 420, 420A, 421, 422, 423, 428, 429, and 429A (Figure 1) . OCP Ridge is a sublatitudinal structural form on the western flank of the East Pacific Rise. The latter, along with other mid-oceanic ridges and fracture zones of marginal seas, belongs to the global oceanic spreading structures system (Gorshkov, 1974; Le Pichon et al., 1973; Karig, 1971; Karig, Ingle, et al., 1975; Katsumata and Sykes, 1969) .
Along the mid-oceanic ridges, which have an area equal to that of all the continents of our planet put together (Grachev, 1977) , huge volumes of basaltic magmatism occur (5000-6000 × 10 6 mVy.; Baksi and Watkins, 1973) . This volcanism produces the oceanic crust. The worldwide occurrence of basalts related to oceanic spreading structures, and manifestations of ore mineralization known to occur there (Dmitriev et al., 1970) , are reasons to regard the study of these basalts as one of the primary tasks of contemporary petrology.
The aim of this paper is to reveal-taking the basalts of the OCP Ridge and the adjoining area of the East Pacific Rise as examples-the specific features of tholeiitic basalts of oceanic structures which distinguish them from tholeiitic basalts of oceanic islands and island arcs. Another objective is to find out if there are any differences between tholeiitic basalts of mid-oceanic ridges and tholeiitic basalts of fracture zones of marginal seas.
The composition of tholeiitic basalts of marginal seaspreading zones was defined on the basis of the study of cores from Sites 54 and 293 (Figure 2 ) drilled by the Glomar Challenger (Legs 6 and 31) in the Philippine Sea, Central Basin fault zone (Fischer, Heezen, et al., 1971) and Yap fracture zone (Karig, Ingle, et al., 1975) , as well as rock samples dredged from the Yap fracture zone during Leg 17 of the USSR R/V Dmitry Mendeleev (Bogdanov, 1977; Dmitriev et al., 1977) . Chemical analyses were obtained by classical wet-chemical techniques. Mineral compositions were determined by electron microprobe. Plagioclase occurs as microlites in poorly crystallized varieties of basalt and forms laths with average size 0.1 × 0.6 mm in coarser grained rocks. The plagioclase composition among both Leg 54 and Philippine Sea basalts varies from bytownite An 73 to andesine An 34 (Table 2 ). The most common are plagioclase with composition An^-An^. The crystals with the highest anorthite content are plagioclase phenocrysts; the lowest An content occurs in the outer rims of zoned crystals. The increase of albite content in plagioclase is accompanied by an increase of Ti and Fe content and decrease of Mg concentration in this mineral. The more albitic plagioclases are associated with more Fe-rich clinopyroxene. For example, plagioclase An^ is accompanied by augite En 4 i.5Wθ39.oFsi 9-5, labradorite An 57 is associated with augite En 3 9.iWθ39. 3 Fs2i.6, and andesine An 38 forms graphic intergrowths with augite En 38 . 4 Wo 2 8.5Fs 33 .i.
Clinopyroxene forms sheaf-like clusters in the least crystallized varieties of aphyric basalts; it occurs as aggregates of subparallel prismatic crystals and anhedral grains in interstices between plagioclase crystals. As already mentioned, in some basalts clinopyroxene forms graphic intergrowths with plagioclase. The clinopyroxene of Leg 54 and Philippine Sea aphyric basalts is augite with the following variations of main components: En 3 77_27.iWθ48.5_i9.9Fsi6.8-33.i (Table 3) . The most common is augite with a ferrosilite content of 19 to 25 per cent. Pyroxenes with the highest content of Fe form graphic intergrowths with plagioclase and ore minerals (En 34 Wo 36 Fs3o). Zoned and twinned grains of pyroxene are rather common in well-crystallized varieties of aphyric basalts, with the average size of pyroxene grains being 0.5 × 0.5 mm. Olivine in aphyric basalts occurs mostly in sporadic, euhedral grains with average size of 0.1 × 0.2 mm, but sometimes the content of this mineral is as high as 5 per cent. Olivine is usually replaced by secondary minerals. The composition of some fresh grains was determined as chrysolite, Fau_22 (Table 4) .
Ore minerals occur as tiny grains and skeletal crystals in the glassy matrix of basalts, as intergrowths with clinopyroxene, and as anhedral filling of interstitial spaces with average size 0.1 mm. The analyzed composition of these grains in Leg 54 basalts shows them to be Fe-Ti oxides, which are usually called titanomagnetites (Table 5) .
Comparison of aphyric basalts of the East Pacific Rise with those of the Yap fracture zone of the Philippine Sea shows that the latter contain more plagioclase with a higher anorthite content, more olivine, and less ore minerals. Clinopyroxene of Philippine Sea aphyric basalts is enriched in calcium in comparison with clinopyroxene of East Pacific Rise aphyric basalts.
Plagioclase Phyric Basalts
On the basis of their modal composition these rocks are similar to aphyric basalts, but they contain up to 11 per cent phenocrysts of plagioclase with lower contents of olivine and a higher proportion of matrix (Table 1) .
Plagioclase phenocrysts in Leg 54 and Philippine Sea basalts have compositions ranging from bytownite An 76 to labradorite An^ç. Microlaths of plagioclase in the groundmass of the rocks are labradorite Ar^s (Table 2) .
Clinopyroxene in the groundmass is represented by augite En 46 .9Wθ37.3Fsi5. 8 (Table 3) . Plagioclase-pyroxene phyric basalts: 9 Sample 421-3-1,115-128 cm. 10 = Sample 422-10-1, 20-27 cm.
Fracture zones of the Philippine Sea
Aphyric basalt: 13 = Sample 54-9-1 (#8). Plagioclase phyric basalt: 15 = Sample 1398/D2-11. Note: 2 = Sample 428A-5-4,40-55 cm; 5 = Sample 422-9-3, 20-30 cm; 13 = Sample 54-9-1 (#8).
The ore minerals are titanomagnetite with a Tiθ2 content of 19.6 to 22.9 per cent (Table 5) .
Plagioclase phyric basalts were recovered only from the Yap fracture zone and Central Basin fault of the Philippine Sea.
Plagioclase-Pyroxene Phyric Basalts
The rocks of this type are fairly widespread in the studied transect of the East Pacific Rise. In Hole 423, plagioclase-pyroxene phyric basalts exclusively were recovered. In Holes 420 and 421 they are accompanied by subordinate amounts of aphyric basalts, and in Hole 422 plagioclase-pyroxene phyric basalts underlie aphyric basalts. Plagioclase-pyroxene phyric basalts do not occur among the rocks sampled from fracture zones of the Philippine Sea.
The appearance of plagioclase-pyroxene phyric basalts differs sharply from that of aphyric and plagioclase phyric basalts, the most obvious differences being textural. Plagioclase-pyroxene phyric basalts are mainly very poorly crystallized rocks with a glassy or cryptocrystalline groundmass which contains 10 to 11 per cent of pyroxene and plagioclase microphenocrysts ( Table 1 ). The textures of the matrices are vitrophyric, variolitic, hyalopilitic, pilotaxitic and, in the best crystallized varieties, micro-intersertal. The groundmass of the rocks contains microlites of plagioclase, sheaf-like aggregates of clinopyroxene, incipient crystals, and tiny grains of ore minerals. Some samples (Hole 420) contain up to 1.1 per cent of olivine.
Clinopyroxene dominates among phenocrysts and is represented by zoned augite with core compositions of En 54-iWθ3 5 Fsio.9, and En 5 2. 5 Wθ34 8 Fsi 2 .7 on the rims.
The sizes of phenocrysts are up to 0.6 × 0.5 mm. They occur as glomerophyric clusters (sometimes with plagioclase), contain inclusions of plagioclase laths, and form graphic intergrowths with plagioclase. There are simple twins of clinopyroxene. Pyroxenes in the groundmass have more ferruginous compositions (En 54 3_45 8 Wo 2 i.9_ 33.3FS20.9-23.8) than phenocrysts.
Plagioclase phenocrysts are of a size up to 0.2 × 1.2 mm and composition An 73 . Plagioclase of the groundmass of the rock is represented by An<^éo (Table 2) .
Ore minerals of plagioclase-pyroxene phyric basalts have significantly higher TiO 2 contents (Table 5 ) than ore minerals of aphyric and plagioclase phyric basalts.
An important feature of some plagioclase-pyroxene phyric basalts (mainly from Site 423) is that they are visibly banded. The bands have widths up to 12 mm and they are of a brown color of varying intensity. Under the microscope, it is obvious that the lighter bands contain essentially more microcrystals of plagioclase and clinopyroxene (usually with subparallel orientation), whereas the darker bands consist mainly of glass. Plagioclase-pyroxene phyric basalts contain up to 2.1 per cent of vesicles. The average size of vesicles is 0.2 mm, maximum 0.5 mm. The cavities of vesicles are empty, or filled with smectite.
The textural variation of basalts in cores of the holes studied gives several clues about the way diverse cooling units (flow, pillows) formed on the sea floor.
There are three textural sequences of aphyric basalts. The first sequence is represented by aphanitic and very fine grained basalts with glassy margins, minor vesicles, and zones of secondary alterations along fissures. Judging from the grain size, the thickness of these basalt bodies cannot be more than several decimeters. It thus seems that basalts of this type constitute blocks of pillow lavas or thin lava flows (Hole 429).
In the second sequence, glassy and aphanitic rocks change downhole to fine-grained basalts, with first small then large numbers of vesicles. Farther downhole the number of vesicles decreases and the rocks become coarse-grained. At the bottom of the cooling unit the sequence reverses. This asymmetric pattern of basalts with a roof-zone of vesicular rocks is typical of lava flows and sheets, which are evidently exposed in Holes 428 and 428A. In the third type of sequence, one can see fairly well crystallized massive rocks intercalated with finer grained basalts with vesicles. The symmetric decrease of the degree of crystallization up and down the center of the body is characteristic of stratiform intrusive bodies (sills). It is possible that basaltic sills were drilled in Hole 422, but judging by the small number of vesicles in these rocks, they could also constitute thick basalt flows, extruded at depths of several kilometers where the pressure of the water column prevented volatile fractionation from the melt. Solidification took place under conditions similar to hypabyssal environments of crystallization of sills associated with trap basalts of continental platforms.
Judging by their very poor state of crystallization, both glassy varieties with trachytic banded texture and asymmetrically crystallized basaltic bodies with vesicular roof-zones (both mainly plagioclase-pyroxene phyric basalts) occur in the form of thin flows. The higher (10-15%) content of vesicles in plagioclase-pyroxene phyric basalts, in comparison with aphyric and plagioclase-phyric basalts, and especially the presence in these rocks of tubular vesicles (Holes 420, 421, and 423) which indicates jet degassing of lava, are evidence of plagioclase-pyroxene phyric basalt extrusion at shallow depths or with a higher volatile content in the melt.
These comparisons show that aphyric and plagioclase-pyroxene phyric basalts occur on the East Pacific Rise, whereas aphyric and plagioclase phyric basalts occur in the spreading zones of marginal seas.
GEOCHEMISTRY OF BASALTS
Geochemical data are of primary importance for determining the characteristics of poorly crystallized basalts of different types which cannot be distinguished petrographically or in hand samples. To elucidate the specific features of the basalts from the different oceanic spreading centers under consideration here, available chemical analyses of basalts from the East Pacific Rise and the Philippine Sea fracture zones are listed together with average analyses of basalts from analogous structures as well as other types of oceanic tholeiitic basalt in Table 6 .
The direct comparison of chemical analyses is not, as a rule, very illustrative. In practice, different systems of recalculation, various coefficients, and a number of variation diagrams are conventionally employed. The alkali-silica diagram of Macdonald and Katsura (1964) is here used to show that all rocks analyzed are distributed in the field of tholeiitic basalts (Figure 3 ). It has also been shown that tholeiitic basalts of mid-oceanic ridges have typical values of K/Rb = 700-170 (Carmichael et al., 1974) , Ba/Sr <0.20 (Engel et al., 1965) , and K 2 O/(Na 2 O + K 2 O) <O.IO (Peterman et al., 1971) . Table 7 shows these ratios calculated for average analyses of tholeiitic basalts in the different structural settings (e.g., East Pacific Rise and Philippine Sea fracture zone). The plagioclase phyric basalts of the Philippine Sea fracture zones are the nearest analogue of average tholeiitic basalts of mid-oceanic ridges in terms of K/Rb. However, aphyric basalts of the East Pacific Rise have a generally lower value of this ratio ( Table 7) . The value Ba/Sr for East Pacific Rise rocks is higher than the average ratio calculated for mid-oceanic ridges, and in aphyric basalts it reaches values typical of alkali basalts. Using the ratio K 2 O/(Na 2 O + K 2 O), aphyric basalts of the East Pacific Rise are the nearest analog of the rocks of mid-oceanic ridges and fracture zones, but plagioclase phyric basalts of the Philippine Sea deviate considerably from average values and exceed values typical of island-arc basalts (Table 7, Figure 4) . Use of these ratios therefore gives contrary indications of the structural settings of these groups of basalts. Because Na 2 O, K 2 O, MgO, CaO, K, Rb, and Ba are highly mobile during alteration (Hart, 1970) , use of these elements or oxides by themselves or as ratios can be misleading, and is possibly the explanation for these conflicting indications of setting. If we use less mobile elements and their ratios (TiO 2 /Al 2 O 3 on Figure 5 and SiO 2 /TiO 2 on Figure 6 ), however, mid-oceanic ridge tholeiites and basalts of other oceanic spreading structures can be clearly distinguished from tholeiitic basalts of oceanic islands and island arcs. These diagrams show that aphyric and plagioclase phyric basalts of the East Pacific Rise and Philippine Sea fracture zones, as well as average basalts of other mid-oceanic ridges and rift zones, constitute a rather compact group, one which is clearly separated from points on the figures representing tholeiitic basalts of oceanic islands and island arcs. (Engel et al., 1965) . age of seven analyses of Mid-Atlantic Ridge basalts (Engel et al., 1 965) . age of 12 analyses of Mid-Indian Ridge basalts (Fischer, Bunce, et al.,1974; Simpson, Schlich, et al., 1974) . age of four analyses of Red Sea basalts (Whitmarsh, Weser, et al., 1974) . age of seven analyses of Gulf of Aden basalts (Fischer, Bunce, et al., 1974) . 21 = Basalt of Mid-ocean ridge (Condie, 1976) . 22 = Basalt of Oceanic islands (Condie, 1976) . 23 = Basalt of island arcs (Condie, 1976 Macdonald and Katsura (1964) .
basalts of island arcs, however, typically have lower values of TiO 2 /Al 2 O 3 (lower even than most ocean-ridge aphyric and plagioclase phyric basalts) but higher SiO 2 / TiO 2 , esceeding that in ocean-ridge basalts.
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